
鉦7胴脇雅寂アナe雄?・ OUe相や巌訪)描け砿隼一高en可tb出O脇10郷

Ieaか0紹i7l…. E招n海自毒巌dlidl〆砂坪子で諦錐tb雄脇擁e

`10棚qIl掘e∫卵短・tlo手l∫ be諦州立研搬e炉0硬壷夜型O擁7一撃・

]b7・ b川柳20青CO擁OI江be融n諦b諒071∫諭ICe卒中dic擁being

紹a∫∫脇均′ a ∫i証左竹駒揚部所加増け函祝諸姉"

-Garrett亜rdin, Ct7r7)′ing C中華鮎研蹄b諦I Cb′叫t (1967)

互孤七ro duc宙o輸

In 2009,血e Wbrld BaIk and血e Food and Agriculture Organiza丘on of血e United

Na。ons GAO) released a report called 7めe Sz”猿錫Bi#ion∫: 77,e Econ脇ic捗碑cめo72

J訪助beわcf R帥m・ According to血is report’eCOnOmic Iosses in marine fisheries

due to overfishi喝poor management, and economic ine鉦iency are approximately

$50 b皿on per year (US$)・ Over血e last 30 years’血ose losses sun to over $2 tr皿on!

The report goes on to argue血a亡weH-managed marine fisheries could provide sus-

tainable economic bene丘ts for m皿ons of丘sheries and coastal vi11ages and c誼es. In

血s chapter we explore血e role of economics in designing well-managed fisheries・

Humans share血e planet wi血many o血er鵬ng species. How血ose bioIogical

populations are treated depends in part on whe血er血ey are commercially valuable

and whe血er血e institHtional framework set up to manage血e harvesting of血at

resource provides su塙cient conserva。on incentives to those who are best posi-

tioned to protect血e resource.

In血is chapter, We COnSider how血e process of fisheries management could be

refomed to improve bo血e紐ciency and sustainabifty A commerCially valuable

species is like a double置edged sword・ On one side’血e value of血e species to hunans

provides a strong’Current reaSOn fdr human concem about its future. On血e o血er

hand, its value may promote excessive harvest. Commercially exploited bioIogical

resources can become depleted to血e point of extinc。on if血e popula。on is drawn

down beyond a critical threshold・

Ex。nction, al血ough important, is not the only critical renewable resource-

management issue. Since any sustainable level of barvest will avoid extinc。on, how

do we choose among them? What sustainable level of harvest is appropriate?
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E冊cient A=ocations

BioIo由cal populadons belong to a class of renewable resources we will call

i初emtiz/e resO鋤でCJ, Wherein血e size of血e resource stock (population) is deter-

mined joindy by bioIogical considerations and by actions taken by society. The

postharvest size of血e population, in tum, detemines血e availability of resources

for血e future・ Thus, hunanityもactions a範誼血e flow of these resources over

time. Because血is flow is not purely a natmal phenomenon,血e rate of harvest

has intertemporal effects・ Tomorrowi harvesting choices are a節ected by todayも

harvesting behavior.

Using血e fishery as a case study, We begiv by examining what is meant by an

e触cient sustainable level of harve§t. We血en inves丘gate whe血er e塙ciency lS a

su範ciendy strong criterion to avoid ex古nction. W皿e鯖cient harvests always result

in sustainable outcomes? Having shoⅥm how our two social cho王ce criteria apply to

fisheries, We調m to an examination ofhow well our insd血tions fulfill血ose criteria.

dre nomal incentives compatible wi血e範cient sustainable harvest levels?

Unfortunately, We Shall discover that in many cases normal incentives are

compatible w血neither e飴ciency nor sustainability. Many commercial五sheries

can be classified as open access, COmmOn-POOl resources (Chapter 2), and as such,

suffer fro皿overharvesting. The FAO estimates血at over 75 percent of血e worldも

fish stocks are ei血er餌Iy exploited or overexpIoited (FAO, 2009)・ When the

asset value of the resource camot be protected by existing insdtu也ons, a Z7Z幣少

q声be commo郷l can result. As we sha皿see, with so many fisheries experiencing

overfishing, finding solutions血at meet both e飾ciency and sustainability criteria

is challengmg.

田範cie組t Allocatio虹s

The BioIogica=D証ension

Like many o血er studies, Our Characterizadon of血e fishery rests on a bioIogical

model originally proposed by Schae転(1957)・ The Schae転model posits a par-

ticular average relationship between血e grow・th of血e fish populadon and血e size

of血e fish popula古on. This is an average relationship in血e sense血at it abstracts

from such influences as water temperature and血e age structure of血e populadon.

The model血erefore does not attempt to characterize血e fishery on a day-tO-day

basis, but ra血er in terms of some long-tem aVerage in which these various random

influences tend to counterbalance each o血er (see Figure 12・ 1).

The size of血e pop山ation is represented on血e horiz,Ontal axis and血e grow血

of血e population on血e verdcal axis. The graph suggests血at血ere is a range

霊票差露語霊ぎ藍器霊詳詩聖悪霊
declines in growth. ¥栃can shed fur血er light on this relationship by exammmg

more dosely血e two points (宣and D where血e funcdon intersects血e horizontal

lGarrett Hardin. “The Tiagedy ofthe Common,’’Sciem 162 (1968); 1243-1247
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G「owth in

(ton s)

G(S青)

樟0’
圏

axis and血erefore grow血in血e stock is zero・ 5 is knoun as血e皿餌al equilibri叫

since this is popula。on size血at would persist in血e absence of outside inflnences.

R。du。d。nS in血。 St。。k due to morta坤or out-皿gratlOn WOuld be exacdy o鴇et

by increases in血e stock due to bi血s, groWth of血e fish in血e remalnmg StOCk,

and in-migradon.

This natural equl距i皿WOuld persist because it is stable・ A協ble cquilibri2′m is

one in which movements away from血is pop山a。on level set fofces in motion to

restore it. I担r ex狐ple,血e stock temporarily exceeded討t would be exceeding

血e capacity of its habitat (called c‘Zny夜C御dy). As a result’mOrtafty rates or

out-血gration would increase undl血e stock was once again w亜n血e confines of

血e carrymg CaPaCity of its habitat at 5.

This tendency for血e popula。on size to retum to 5 works in血e o血er direc-

tion as we11. Suppose the population is temporarily reduced below S. Because血e

stock is now sma11er, grOWth would be positive and血e size of血e stock would

increase. Over time, the fishery would move along血e curve to血e right until S

is reached again.

wha, ab。ut血e 。血er polntS On血e curve? i, known as血e 77Zi7Zimum涼eble

p呼‘ktio狙ePreSentS血e level of population below which growth in population

is negative (dea血s and out-migra。on exceed bi血s and in-migration)・ In contrast

t。 5, this equilibrium is unstable. Population sizes to血e right of gread to posi。ve

grow血and a movement along血e curve to 5 and away缶om S. When血e popu-

l。ti。n m。,。S t。血e舶of宣,血e population declines un。l it eventually becomes

ex血ct. In血is regron) nO forces act to retum血e populadon to a viable level・

A catch level is said to represent a効勧めableJ,ie肋whenever it equals血e growth

rate o弛e population’Since it can be maintained forever. As Iong as血e populadon

siz。 r。m。ins 。。nStant,血e grow血rate (and hence血e catch) will remain constant

aswell.
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s* is knorm in bioIogy as血e 772aあのm融巌bhyie帥型揚ora’defined as血e

popula。on size血at prds血e maxi剛m growth; hence,血e marim皿SuStainable

yield (catch"s equal to this maximun growth and it represents血e largest catch

血at can be perpetually sustalned. Since血e catch is equal to血e grow血,血e sustain-

able垂vd for any population size qutween g豆nd 5) can be detemined by drawing

a ver。cal line from血e stock size of interest on血e horizontal axis to血e point at

which it intersects血e function, and drawing a horizontal血e over to血e vertical

蒸器謹書豊慧露悪嘉詩誌蔀詰慧
able g申d for population size $). since血e catch is equnl to血e growth’POPula。on

size (and next yearもgrow血) remains血e same.

It should now be clear why G(S*) is血e maximum sustainable yield. Larger

catches wo血d be possible in血e short run’but these could not be sustained;血ey

would lead to reduced popula。on sizes and eventually’if血e popula。on were draⅧ

d。un to 。 1。Vel smaller血an i, tO血e ex血c。on of血e species.

Static師i⊂ient Sustainable YieId

Is血e maximun sustainable yield synonymous wi血e鴇ciency? The answer is no.

Recall血at efficiency is associated wi血maximizing血e 72et benefit缶om血e use of

血e resource. Ifwe are to define血e e紀cient a11oca。on’We muSt in。ude血e costs

of harves血g as wehas血e berlefits.

Letis be如l by defining血e efficient sustainable prd wi血out worr加g about

disco皿血g. The static efficient sustainable声vd is血e catch level that’if main-

tained perpetually, WOuld produce the largest amual net bene釦We shau refu to

chds as血e ∫め#ie初邸±aimbfe y肋to dis血guish it from血e砂脇ic #e海

邸切able J,ield, Which incorporates discoun血g. The initial use of this statlC

concept enables us to fix血e necessary reladonships餌nly in nind befde dealing

wi心血e more di飴cult role disco皿宣ng plays. Subsequendy we raise血e questlOn

of whe血er or not efficiency always dictates血e choice of a sustainable yield as

opposed to a catch血at changes over tme'

wdeondidon our analysis on血ee assump丘ons血at s血p坤担e analysis wi血out

sacrificing too much realism: (1)血e price offish is constant and does not depend on

血e狐Ount SOld, (2)血e marginal cost ofa unit offish血g effort is constant, and (3)血e

amo皿t Of餌caught per unit of effort expended is propo血onal to血e size of fish

populadon (血e smaller血e popula。o両e fewer丘sh caught per unit of effort).

Given血ese assunpdons, We Canbufld the economic model. Under assunpdon (3),

we can overlay harvest-effort fncdons onto血e popula。on funcdon in Figue 12.1.

since血e amomt of fish caught per unit effort is held constant,血e relationship

between catch and stock fdr given levels of efrort can be portrayed by血e linear

func。ons in Figure 1 2.押or血e ma血ema。cally in。ined,血e fomula is Equadon 3

in血e appendix to this chapter). No占ce血at increasing effort rotates血e harvest

fmc。on up and to血e left (E2 = El)・ The sustained yield associated wi血each

level of effort is血e point of intersection of血ese two curves. Ifwe pIot血e series of

points associated wi心血e possible levels of e純血d血e sustined珂d associated

wi血each effort level, We W田have our sustainable yield func古on defined in tems of
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Efficient A=oca[ions

So fu so good. To調m址s into a complete economic model, We need to deter-

皿ine benefits and costs or; equivalendy in this case, tOtal revenue and total ∞Sts. From

assunpdon l we know血at血e shape of the bioIc直Cal funcdon dictates血e shape of

血e revenue func古on. Si皿ply muldp寄直g each sustained yield (harvesかin Figure 1 2. 1

by血e constant price, We Can血m血e physical units qarvest) into monetary u血s (total

reveme). Under assmpdon 2 we can characterize血e final component of our model;

血e血ear血ncdon血at depicts血e total cost is simply calculated as血e level of efi壷

dmes血e constant marginal cost of each unit of effbrt. The resuldng五gure (12.4)

portrays the bene丘ts毎venues) and costs as a funcdon of丘shing e鮪ort.

In any sustainable yield, annual catches, POPulation, effort levels, and net

benefits, by de丘nidon, remain constant over dme. The static e範cient sustainable

yield a11ocation maximizes血e constant amual net bene五t.

As sustained levels of e縦)rt are increased, eVentually a point is reached (Eり

at which fur血er e任brt reduces the sus〔ainable catch (and revenue) for a11 years.

嵩輩蒜警諾意霊認諾窪豊慧宝器
effort level portrayed in Figures 12.3 and 12.4 corresponds to a speci丘c populadon

level in Figure 12工

The net benefit is presented in血e diagram as血e di節erence (vertical distance)

between benefits (prices dmes血e quan丘ty caught) and costs (the constant marginal

cost of e鮪ort times血e units of e能面expended). The e綿cient level of effort is Ee,

血at pomt in Figure 12.4 at which血e verdcal distance between benefits and cost:S

is maximized.

珊icient SustainableYieId for a Fishe「y
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EC is血e e範cient level of effort because it is where marginal benefit (which

graphically is the sIope of血e total benefit curve) is equal to marginal cost (血e

con融擁sIope of血e total cost curve). Levels of e徹〕rt higher than EP are ine綿-

cient because血e addidonal cost associated Wi心血em exceeds the value of血e fish

obtained・ Can you see why lower levels of effort are alse ine範cient?

Now we are armed with su鮪.cient information to determine whether or not

the maximum sustainable yield is e綿cient. The answer is clearly no. The maxi-

mum sustainable yield would be e錦cient only if the marginal cost of additional

e徹〕rt Were ZerO. Can you see why? (Hi72t: V椚ha〔 is血e marginal benefit at血e

maximum sustainable yield?) Since at E” the marginal benefit is Iower than

marginal cost,血e e鮪cient level of effort is /e∬ than血at necessary to harvest

the maximum sustainable yield. Thus, the static e鮪cient level of e純柾leads to

aんz7詐γ fish population’but a lower amual catch血an血e maximum sustainable

yield level of efrort.

1もfix血ese concepts fimly in mind, COnSider what would happen to心e static

e鯖cient sustainable yield if a technoIogical change were to occur (e.g., SOnar detec-

tion)血at lowered the marginal cost of fishing. The lower marginal cost would

result in a rotation of血e total cost curve to血e right.華だ心血is new cost structure,

血e old level of effort would no Ionger be e範cient. The marginal cost of五shing

(slope of血e total cost curve) would now be lower血an血e marginal benefit (slope

of血e total benefit cur`γe). Since血e marinal cost is constant,血e equality of mar-

ginal cost and marginal bene丘亡Can reSult only from a decline in marginal benefits.

This implies an increase in effort. The new stadc e捕cient sustainable yield equihb-

rium implies more amual effort, a lower population level’a larger amual ca.tch, and

a higher net benefit for血e fishery.

Dynamic輔cie両Sus鴇inable Yield

The sta色c e塙cient sustainable yield同工nS Out亡O be the special case of血e dynamic

e錦cient sustained yield where血e discount rate is zero. It is not d維cult to皿der-

stand why;血e stadc e紐cient sustained加ld is血e alloca。on血at maximizes血e

(idendcal) net benefit in every period・ Any efrort levels higher血an血is would yield

temporarily larger catches (and net bene丘D, but血s would be more血an o鮎iet by a

reduced net benefit in血e futu町e aS血e stock reached its new Iower leveL Thus,血e

undiscounted net bene丘ts would be reduced.

The effect of a posi。ve discount rate for the management of a fishery is similar

to its in組uence on血e a11ocadon of depletable resources一心e higher the disco皿t

rate, the higher血e cost (in tems offorgone currentincome) to血e resource?Wner

of maintainmg any glVen reSOurCe StOCk. When posidve discount rates are mtro-
duced,血e e飴cient level of effort would be increased beyond血at suggested by血e

stadc e描cient sustained yield with a corresponding decrease in血e equilibrium

population level.

The increase in the yearly effort beyond the e綿cient sustained yield

level would Z寂ialb′ reSult in an increased net benefr[ from the increased

catch. (Remember that the amount of fish caught per unit effort expended is
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Efficient A=ocations

PrOPOrtional to the size of血e population.) However, Since this catch exceeds血e

SuStained yield for that populadon size’血e population of fish would be reduced

and future population and catch ]evels would be lower. Event耽lly, aS血at level

Of effort is maintained, a neW, lower equilibrium level would be attained when

the size ofthe catch once agam equals the grow血of血e population. Colin Clark

(1976) has shown mathematically血at in tems of Figure 12.4, aS血e discount

rate is increased, the dynamic e綿cient level of effbrt is increased until, Wi血

an infinite discount rate, it would become equal to母the point at which net

benefits go to zero.

It is easy to see why血e use of an in丘nite discount rate to define血e dyna血c

e範cient sustained yield results in a11ocation EC" W己have seen that temporally

interdependent alloca。ons over dme give rise to a marginal user cost measumg

血e opportunity cost of increasmg ourrent eff誼. This opportmity cost re租ects血e

forgone future net benefits when more resources are extracted in血e present. For

e範cient interdependent allocadons,血e margival wil血gness to pay lS equal to血e

ma車nal user cost plus血e marginal cost of extraction.

Wi血an in怠正te discount rate,血is marginal user cost is zero, because no value

is received from future allocations. (Do you see why?) This implies血at (1) the

蒜悪霊霊詩篇豊富蒜碧豊憲認諾蕊‡黒
血at血e stadc e錦cient sust読ned yield血plies a larger fish population血an血e

maximum sustained yield. Once discounting is introduced, it is inevitable that

血e dynamic e飴cient sustained yield would imply a sma11er fish populadon血an

血e s亡atic e描cient sustained yield and it is possible,血ough not inevitable,血at血e

SuStained catch would be smaller. Can you see why? In Figure 12.4血e sustained

CatCh clearly is lower for an infinite discount ra〔e.

The likelihood of血e populadon being reduced below血e level suppl車ng血e

maximum sustainable yield depends on the discount rate. In general,血e lower

血e extracdon costs and血e higher血e discount rate,血e mOre likely it is血at血e

dyna皿ic e飴cient level of e撒)rt W田exceed血e level of effi加associated wi血the

marimun sustainable yield. This is not difficult to see ifwe remember血e櫨mi古ng

CaSe disoussed earlier. VAen血e mar車lal e池aCdon cost is zero,血e stadc e飴cient

SuStainable加eld and血e maximum sustainable車eld are equal.

Thus, With zero marginal extraction costs and a positive discount rate,血e

dynamic e飴cient level of e鮒ort necessarily exceeds not only血e static e鉦ient

level of effort, but also血e level of e維)rt aSSOCiated wi心血e maximun sustainable

車eld. Higher extraction costs reduce血e static e絶cient sustalnable車eld but not

2This is not di錦cult to de宝IOnStrate ma血ematica11y. In our model,血e yield (b) can be expressed as

b = gES’Where g is血e propo正on of血e populadon harvested wi血one unit ofe節ort, S is the size of血e

POPuladon, and E is血e le‘γel of effort. One of the condi。ons a dynamic e鮪cient alloca。on has to sa寄sfy

Wi血an infi正e discount rate is P = 4佃S, Where P is血e constan〔 Priee, 4 is血e constan亡marginal cost

Per unit of e節ort, and gS is血e nunber of fish harvested per u血of e鮒ort. By mul。plying bo血sides of

this equa丘on by b and collecdng tems, We Obtain Pb = 4E・ The lefLhand side is total benefits, Whife血e

right is total c.ost’impl)ing net benefits are zero.
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血e maximun sustainable yield. (Remember血at it is a bioIogical, nO〔 an economic,

COnCePt.) By reducing e綿cient effbrt levels, higher extraction costs redu。e血e

轟kelihood血at discoun血g would cause the population to be drawn be]ow血e

maximun sustainable中eld level.

Wbuld a dynamically e範cient management scheme lead to exdnction of血e

fishery? As Figure 12.4 shows, it would not be possible under血e circumstances

described here because E`● is血e highest dynamically e筒cient level possible in

this model・ and血at level falls we11 short of血e level needed to drive the popula-

tion to extinction. However, in more complex models’eXtinction certainly can

be an outcome.

For extinction to occur under a dynamic e鮪cient management scheme,

the benefi亡from extracting血e very last un王t would have to exceed the cost of

extrac血g血at unit (induding the 。osts on future generations). As Iong as血e

POPulation growth rate exceeds血e discount rate,血is will not be the case. If;

however, the grow血rate is Iower than血e discount rate, eXtincdon can occur

even in an e範cient management scheme if血e costs of extracting血e last mit

are su範ciently low・

Why does the biomass rate of grow血have anything to do with whe血er or

not an e鮪cient catch profile leads to extinction? Rates of growth determine

血e productivity of conservation efforts.3 Wth high rates of growth, future

generations can be easily satisfied. On the other hand, When the rate of grow血

is very low, it takes a large sacrifice by ourrent generations to produce more

fish for future generations. In the limiting case, Where the rate of grow血is

ZerO, We have a resource with fixed supply and therefore this fisher)γ WOuld

become an exhaustible resource. Tbtal depl?tion would occur whenever the

PrlCe C。mmanded by the resource is high enough to cover the marginal cost of

extracting the last uhit.

Wごhave shoun血at血e dymmic e範ciency criterion is not automatically con-

Sistent w血sustammg COnStant yields perpetlLla11y for an interactive renewable

resource, S上nce i亡is ma血ema丘caHy possib]e for an e範cient aHocadon of a fishery

to lead to extinction of the resource. How likely are血ese criteria to conflict in

prac亀ce亨

It is not as likely as this basic model正ght imply Ac調al fisheries di節er缶om血e

Standard model in two key ways. First, harves血g margiml costs are typically not

COnStant (as they are in血e model discussed previously), but ra血er increase as血e

remammg StOCk size d血inishes・ Second, While血e model we discussed holds prlCeS

COnStant,血e size of血e harvest can a節ect prices; larger harvests can depress血em.

Both of血ese modi負cations of血e basic model suggest additional incentives for

COnSerVmg血e stock.

How empirica皿y important are血ese incentives? Grafton et al. (2007) exam-

ine血eir importance for four specific fisheries and五nd not only tha亡extinction

is not血e e錦cient outcome in any of the four fisheries but also in general言n血is

3Note the parallel with the role of血e grow血rate in e餓cient血ber harves血g in Chapter l l
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refomulated model,血e stock level血at maximizes血e present value of net bene丘ts

is actually h爽㌣ than血e stock level血at supports血e maximun sustainable yield.

Their results seem to hold bo血for relatively high discount rates and relatively

long-hved fish. (The orange roughy丘shery, discussed in more detail below, WaS One

Of血e four血ey studied.)

ADDrO班王ab講tv a皿d Market Solutions
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Ⅵ7e have defined an e範cient allocation of血e fishery over time. The next step

is to characterize the normal market a11ocation and to contrast these two alloca-

dons. Where血ey differ we can entertain血e possibility of various public policy

Let揃rst consider the allocadon resulting from a fishery managed by a com-

Petidve sole owner. A sole owner would have a well-defined property right to血e

fish. Wごcan establish血e behavior ofa sole owner by elaborating on Figure 12.4

as is done in Figure 12.5. Note that血e two panels share a common horizontaI

axis, a Characteristic血at allows us to examine血e effedt ofvarious fishing effort

levels on bo血graphs.

A sole owner would want to maximize his or her pro丘〔S. Ignoring discounト

ing for the moment, the owner can increase profits by increasmg丘shing effi〕rt

mtil marginal revenue equals marginal cost. This occurs at e純)rt level葺,血e stadc

e鍋cient sustainable yield, and yields posidve profits equal to血e difference between

R(H) and C(E?. -

In ocean fisheries’however, SOle owners are u追kely. Ocean fisheries are typically

OPen-aCCeSS reSOurCeS-nO One eXerCises complete controI over血em. Since血e

PrOPerty righ亡s to血e fishery are not coAVeyed to any s王ngle owner, nO fisheman

Can eXClude o血ers from explo誼ng血e丘shery.

What problems arise when access to the宜shery is completely unrestricted?

Open-aCCeSS reSOurCeS Create tWO kinds of extemal costs: a COntemPOraneOuS

extemal cost and an intergenerational extemal cost. The contemporaneous exter-

nal cost, Which is bome by血e current generation, involves血e overcommiment

Of resources to fishing-tOO many boats, tOO many fishemen, tOO muCh e鉦)rt.

As a result, Current fishermen eam a substantially lower rate of retum on their

efforts. The in〔ergenerational extemal cos亡, bome by future genera〔ions, OCCurS

because over丘shing reduces血e stock, Which, in tum, 1owers future profits from

丘shing・1

叶his will result in fewer fish for血ure genera亀ons as we」l as smauer profits i弛e resul血g effort level

exceeds血at associated wi血the marimum sustainable yield. If血e open-aCCeSS e箇ort level is Iower血an

血e ma∑imum sust:ainable yield effort Ievel (when extrac。on costs are very high),血en reducdons in stock

WOuld increase血e growth in心e stock, thus supp串ng more fish (albeit lower net benefus) to future

genera占ons・
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Ⅵfe can use Figure 12.5 to see how血ese extemal costs arise.5 once too many

亀shemen have unlimited access to血e same common-POOl fishery,血e property

rights to血e五sh are no Ionger e範iendy de丘ned" At血e e範cient level, eaCh boat

would receive a profit equal to its share of血e scarcity rent. This rent’however’

serves as a stimulus for new丘shemen to enter, PuShing up costs and eliminadng

血e rent. Open access results in overexploitation.

The sole owner chooses not to expend more effort血an EC because to do so

would reduce血e profits of血e丘shery, reSulting in a persona=oss to her. When

access to血e丘shery is mrestricted, a decision to expend effch beyond葺reduces

profits to血e fishery as a whole but not to血at individual丘sheman. Most of血e

decline in pro丘ts falls on血e o血er丘shemen.

5This type ofanalysis was first used in Gordon (1954).
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In an open-aCCeSS reSOurCe’the individual fisherman has an incentive to

expend further effort until profits are zero. In Figure 12j’血at point is at

efrortlevel且C, atwhich average revenue and average cost are equal・ It is now easyto

see the contemporaneous extemal cost-tOO muCh effort is being expended

to catch too few fish, and the cost is substantially higher than it would be in an

e範cient allocation.

If血is point seems abstract, 1t SnOulCln.t. 」V⊥any ll地境⊥C’>机Cし‘l’’‘’〇°し⊥J ±’ふ“5u〉u

by precisely血ese problems. In a productive fishery in血e Bering Sea and Aleu。an

Islands, fdr example, One Study哩ppert, 1990) fo皿d signi丘cant overcapitaliza-

tion. While血e e範cient number of motherships (used to take on and process

血e catch at sea, SO血e catch boats do not have to retum t:O POrt aS Ofron) was

estimated to be 9, the actua1 1evel was 140・ As a result, a Significant amo皿t Of

net benefits was Iost ($124 million a year)・ Had the fishery been harvested more

sIowly’the same catch could have been achieved with fewer boats used 。oser to

血e止capacl中

In Chapter 2 , We Stated血at血e resource owner with exclusive property rights

balances the use value against心e asset value. When access to血e resource is

unrestricted, eX。usivity is Iost. As a result’i譲rationalねT a fisheman to lgnOre

血e asset value, Since he or she can never approprlate it, and simply maximize the

use value. In the process, all the scarcity rent is dissipated. The a1location that

results from allowing unrestricted access to血e fishery is identical to that result-

1ng from a dynamic e組cient sustainable yield when an infinite discount rate

open-aCCeSS reSOurCeS do not automatically lead to a stock lower血an (S㌦血e

one血at maximizes血e sustained yield. It is possible to draw a cost funcdon wi血a

sIope su競ciently steep that it intersects血e bene丘t curve at a point to血e lefrof動

None血eless, mature, OPen-aCCeSS fisheries can be exploited we11 beyond血e point

of maximun sustainable yield.

open-aCCeSS fishing may or may nOt POSe the threat of species extinction.

It depends on the nature of血e species and血e benefits and costs of an effort

level above E牛hat would have the effect of driving the stock level below the

皿inimum viable popula。on. Consider the northem bluefro tuna, for exam-

ple. Considered critica11y endangered’it is still being harvested at unsustain-

able levels due to the high market prlCe fishermen receive as a result of its

popularity in sushi restaurants. Since the threat of extinction cannot be deter-

mined purely缶om cheory’it must be determined by empirical studies on a

case-by-CaSe basis.

Are open-aCCeSS reSOurCeS and common-POOl resources synonymouS COnCePtS?

They are not. Not au common-POOl resources allow un虹ted access. Informal

arrangements among血撃harvesting血e common-POOl resource, whch may be

fostered by harvester cooperadon, Can SerVe tO limit access (Example 12. 1 presents

one such arrangement)・

open-aCCeSS reSOurCeS generally violate血e e範ciency criterion and may violate

血e sustainability criteria.馳ese criteria are to be餌filled’SOme reStruCturing of血e

decision-making envirorment may be necess叩汀he next section examines血e

possible role for government in how血at can be accomphshed・

abstract, it shouldn,t・ Many fisheries are currently plagued
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calIy t闘h富s 10SS enCOu「ageS those harvesting the 「esource to band together

to resthct acCeSS′ lf poss主b千e・ The Mame -obste「軸ery is one setting Where

those緬or融- ar「angementS have serVed t輔繭t aCCeSS With some conS-de「

Key among these a「rangementS rs a SYStem Oiter圃eS t寄at estab"shes

bounda「leS between f{S軸g areaS・ Partieu}arly nea「 the o脚ore lSlands' these

te圃es tend to be exc」usively harvested bY CIose-knit‘ disc輔ed groups Of臆　⊥l__　_ .(__.十タ、r、, hヽ′　ヽl会「ln11Q m亀負nS
′{gangs′′ rest「ict acceSS tO the両e而Ory bY Va剛S meanS

軸Ough e闘Ve・ are CO∀ert an描ega再uch as the pTactiCe of▲し_」_」　_《_ら」(r-γ、{【士h〇

tobster traPe OWned bY neW entrantS・ therebY rende「一ng the

st v弛abIe fすshery. Loca出shers

ねa「VeSte丁

ぼOme m

cul曲ng the注neS

t「a申s冊割高e>尋ble・)

餌eson即03汗Oun。 that in every SeaSOn o掴e Yea囲e pounds of tobster

caught pe「 traP a剛e s'Ze o柵ose -obsters Were g「eate口n dofended areas Not

o岬d the larger number of pounds resu剛n more reVe鴫but-aiso the blgger lob-

認諾豊能器豊富窯慧認諾蒜豊
tlO融融寄g t融ze of tobsters that can be take幽POSing Poth mr冊m and

maxlmum S[ZeS) and p「ohi軸g the harvest of egg-bearing females

lt tums o即hat many Other examP-es of comm+mfty co調a鵜eme融so offer
臆_ _ ___.… _証△n低fn涌e舶tential of sustalnab輝One examPle′ the Ch船an
encouraglng eV-dence fo軸he pete証rol

abalone給type of s融ca胎d /OCd)

began cOOPe「a軸g in 1988 to manag

co-managemeni SCheme lnVOrVeS 700 co-ma関ged

2 m=esI of coas輔e l.bday・ the

areas, 20,000 art-Sana圧一She「S′

and 2500 mi庭s of coastthe.

while it would be a mistake to aSSume that atl commO岬OOl resou「CeS a「e

chaTac鰯Zed by open aCCeSS・一t WOu闇so be a mistake to assllme that a冊Ormal

GO-management ar「angenentS autOmatlCa岬OVide su醐ent soc師eans fo「

producmg e輔ent harvests SuC虹hat st「onge「 Pubtic pofty wOuid be unrleCeS-

sa「y_ A 「ecen壬Study {Gutierrez e‡ a上2011廟mmed 130圃e「leS一∩ 44 developed

and deveIop鵬countheS`鵬u剛at co-management Can WO「k・ but onlY ln the

preser‘Ce of strong leade「sh-P・ SOC-a蘭esto岬d ∞mPlemeTTtarY ‘nCentives
. 」 」 _一_γ _〈袖皿冊、′刷話es Th色v軸dthateffec的ecOmmunity-based

resource and pr紋ect the高elihoods of nearbY

flShermen and軸ing comm輔es` The existenCe Of nea「bY P「OteCted a「eas WaS

a喜so fou繭o be a旧mPOrtant dete個nant of success
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配blic Poliey助ward Fisheries

What can be done? A variety of public policy responses is possible. Perhaps it is

approprlate tO Start Wi血circumstances where a11owing the market to work can

improve血e situadon.

Raising the Real Cost of Fishing

Perhaps one of血e best ways to i11ustrate血e virtues of using economic analysis to

help design policies is to show血e h狐sh effec亡S Of policy approaches血at ignore

it. Because血e earliest approaches to丘shery management had a s血gle-minded

focus on attaining血e maximum sustainable yield’With litde or no血ought given to

maxi血zing血e net benefit’血ey provide a use珊contrast.

One striking concrete exanple is血e set of policies origin叫y designed to deal

wi血overexploitation of血e Pacific salmon fishery in血e United States. The Pacific

salmon is partioularly wherable to overexploitadon and even extincdon because

of its migradon pattems. Pacific salmon are spawned in血e gravel beds of rivers.

As juvende fish,血ey migrate to血e ocean, Only to retum as adults to spawn in血e

rivers of血eir bir血・ After spawmng,血ey die. When血e adults swim upstream, Wi血

an ins占nctual need to retum to血eir nadve streams,血ey can easily be captured by

traps, netS, Or O血er catching devices.

Recognizing血e urgeney of血e problem,血e govemment took action.動reduce

血e catch,血ey raised血e cost of fishing. Initially血is was accomplished坤pre-

vendng血e use of any barricades on血e rivers and by prohibi血g血e use of traps

(血e most e鯖cient catching devices) in血e most producdve areas. These measures

proved insu飴cient, Since mobife techniques (trol血g, netS,狐d so on) proved quite

capable by血emselves of overexploi血g血e resource. O飴cials血en began to dose

designated fishing areas and suspend fishing in other areas for certain periods of

。me. h Figure 12.4’血ese measures would be reflected as a rota。on of血e total

cos亡Curve tO the left un丘l it intersected血e total benefits (revenue) curve at a level

of e批)rt equal to Ee・ The aggregate of a11血ese regulations had血e desired effect of

curtailing血e yield of salmon.

Were血ese policies e範cient? They were not even血ough血ey resulted in血e

e範cient catch! This statement may seem inconsistent’but it is not. E触ciency

implies not only血at血e catch must be at血e efficient level, but also it must be

extracted at血e lowest possible cost. It was this condidon血at was violated by血ese

POlicies (see Figure 12.6)・

Figure 12.6 reflects the亡Otal cost in an unregulated魚shery (TC’1) and血e total

cost after吐ese policies were imposed (7-C2)・ The net benefit received from an

e範cient policy is showh graphically as血e ver。cal dist狐Ce between total cost and

total bene丘t. A丘er血e policy’however,血e net benefit was reduced to zero;血e net

bene丘t (represented by vertical dis〔anCe) was Iost to society. W坪

The net benefit was squandered on血e use of excessively expensive means to

ca亡Ch血e desired yield of fish・ Ra血er than use traps to reduce血e cost of catching

291



之92 Chapter 12　Commor十PooI Besou「ces: Comme「cia甲y Vaiuable Fishe「ies

師ect of Regulation

血e desired number of fish’traPS Were PrOhibi亡ed. Larger expendit皿es on capital

and labor were required to catch血e same number offish・ This addidonal capital and

labor represent one source of血e waste.

The limita。ons on fishing 。mes had a similar effect on cost. Ra血er血an a11owing

fishemen to spread血eir e節ort out over血ne so血e boats and equipment could be

more producdvely udlized’丘shemen were forced to buy larger boats to allow血em

to take as much as possible during血e shorter seasons・ (As one extreme example,

齢llion (1985) reported血at the 1982 herring season in Prince VAlliam Somd

lasted only four hours and血e catch s。ll exceeded血e area quota.) Significant over-

CaPitahzation produced gross ine飴ciency.

Regulation imposed o血er costs as well. I亡WaS SOOn discovered血at while血e

above regula。ons were adequate to protect the depledon of the fish population’

血ey failed to curb血e incendve for individual fishemen to increase血eir share of

血e take. Even血ough血e profits would be sma11 because of high costs, neW teCh-

noIogical change would allow adopters to increase血eir shares of血e market and

Put O血ers out of business.

動protect血emselves,血e丘shemen were eventually success餌in introducing

bans on new technoIogy. These restrictions亡OOk various foms’but two are pardcu-

larly notewor血y. The丘rst was血e baming of血e use of thin-Stranded, mOnOfila-

ment net. The coarse-Stranded net it would have replaced was visible to血e sa血on

in血e daytime and therefore could be avoided by血em. As a result, it was useful
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only at night. By contrast,血e血imer mono餌ment nets could be success餌y used

during血e daylight hours as welI as at night. Mono創ament nets were bamed in

Canada and血e United States soon after血ey appeared.

The most紐agrandy ine範cient reguladon was one in AIaska血at barred gill

netters in BristoI Bay fro皿usmg engmeS tO PrOPel血eir boats. This regulation

lasted undl血e 1950s and heightened血e pub虹s awareness of血e anachro正stic

nature of血is regulatory approach. The worldt most technoIogically advanced

nation was reapmg its harvest from血e Bering Sea in sailboats, While血e rest of血e

world-Particularly Japan and血e Soviet Urion-WaS mOdemizing血eir fishing

紐eets at a torrid pace!

Tine-reStricdon reguladons had a sim上lar effect・ Limidng fishing dme provides

an incendve to use血at dme a§ intensively as possible. Huge boats fachitate large

harvests wi血in血e period and血erefore are profitable but are very ine綿cient;血e

Same harvest could noma叫y be achieved with fewer, Smaller (less expensive) boats

used to血eir opdmun capacity.

Guided by a narrow focus on bioIogically determined sustainable yield血at

igrlOred costs,血ese policies led to a substantial loss in血e net benefit received from

血e fishery Costs are an important dimension of血e problem, and when血ey are

lgnOred,血e incomes of丘shemen su任er. VI7hen incomes su舐3r, fur血er conserva-

tion measures become more di飴cult to implement’and incendves to violate血e

reguladons are intensified・

Technical change presents. a fur血er proble皿, wi血attempts to use cost-increas-

mg reguladons to reduce fishing effort. Ttchnical innovations can lower血e cost

of fishing, thereby o髄eetting thejncreases imposed by the regulations. In血e

New England fishery, for example, Jin et al. (2002) report血at the introduc古on of

new technoIogies such as fis臆nders and electronic navigadon aids in血e 1970s and

1980s led to higher catches and decljnes in血e abundance of血e stocks despite血e

extensive controIs in place at血e dme.

一輪xes

Is it possible to provide incentives for cost reduction while assuring that the

yield is reduced t:O血e e範cient level? Can a more e触cient policy be devised?

Economists who have studied血e question believe血at more e範cient policies

are possible.

Con§ider a tar on effort. In Figure 12.6, taXeS On effort wo山d also be represented

as a rotadon ofthe total cost line and the after-taX COSt tO the fishermen would be

represented by line 7q. Since血e aftertax curve coincides wi血TC2,血e cost curve

for all血ose ine飴cient regulations, doesn’t血is imply血at血e tax system is just as

ine範cient? No! The key to understandilg血e di節erence is血e dis血ction between

脇姉′・ COふand ml筋ource co琉.

Under a regulation fystem of血e type described earlier in this chapter, a1l of血e

COSts included in 7q are real resource costs, Which involve udlization ofresources.
Tiansfer costs, by contrast’invoive transfers of resources丘om one part of society

〔O anO血er, ra血er血an血eir dissipa丘on.廿ansfers do represent costs to血at par〔 Of

SOCiety beamg血em, but are exactly o任iet by血e gain received by血e recipients.
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Unlike real resource costs, reSOurCeS are nOt uSed up with transfers. Thus,心e

。alculadon of血e size of血e net benefit should subtract: real-reSOurCe COStS, but not

transfer costs, from bene負ts. For society as a whole, tranSfer costs are retained as

Part Of血e net benefit; Only who receives血em is a性舶ed.

In Figure 12.6,血e net benefit under a tax system isedentical to血at under an

e鯖cient allocadon. The net bene負t represents a transfer cost to血e丘sheman血at

is exacdy o任iet by血e revenues received by血e tax collector. This discussion should

not obscure血e fact血at, aS far as血e individual fisheman is concemed, taX Pay-

ments are very real costs・ Rent nomally received by a sole owner is now received

by血e goverrment. Since血e tax revenues involved can be substandal,丘shemen

wishing to have血e fishery e範ciendy managed may object to血is particular way of

doing it. They would prefer a policy血at restricts catches whife allowing血em to

keep血e rent:S. Is血at possible?

Catch Sha「e Programs

Catch share programs o節er血is opdon. The Magnuson Steveus Act au血orizes several

types of catch share approaches under its “limited access privilege’’program. AIl of

血em allocate a po正on of血e total a皿owable catch to individuals, COmmu血ies, Or

器悪罵講詳霊慧墓誌謹豊薄霧濫
ITQ program is a specific IFQ program where harvesdng privileges can be transfe請ed

subsequent to inidal aⅡocadons, W蘭e TURFs grant rights to a geographic area" A皿of

血ese create a type ofharvest enddement ei血er in血e fishery as a whole or in a specific

geographic area. By 2012, all U.S. fisheries were covered by amual catch址nits.

FTQs. Lett first consider individual transferable quotas. Several of血eir iden臆-

able characterisdcs serve to enhance e錦ciency:

l・ The quotas entide血e holder to catch a specified share of血e total au血orized

CatCh of a specified type of fish.

2. The catch au血orized by血e quotas held by all fishermen should be equal to

血e e飴cient catch for血e丘shery.

3. The quotas should be freely transferable among fishemen and markets

Should send approprlate Price signals about血e value of血e丘shery.

Each of血ese血ree characteristics plays an important role in obtaining an

e指cient a皿ocation・ Suppose, for example,血e quota was de負ned in tems of血e

right to own and use a fishing boat ra血er血an in tems of ca耽h-mOt an unCOm-

mon type of quota. Such a quota is not efficient because under血is type of quota an

ine範cient incentive sdll remains for each boat owner to build larger boats, to Place

extra equlPment On血em, and to spend more time丘shing. These actions would

expand血e capacity of each boat and cause血e act皿l catch to exceed血e target

6NOAA Catch Share Poliey’Z立ecz拐ue S脇秘砂201 3・ Retrieved from http://wwwnmfinoaa"gOV/sfa/

domes」ish/catchshare/docs/noaa_CS_POlicy. pdf
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(e範cienD catch. In a nutshe11,血e boat quota limits血e number of boats fishing but

does not limit血e amount of fish caught by each boat. Ifwe are to reach and sustain

an e鯖cient a11ocadon, it is血e catch血a亡must u厄nately be li皿ited.

While the purpose of the second characteristic is obvious, the role of
transferability deserves more consideration. V唯心transferabili切出e entitlement

to fish flows naturally to血ose gaining the most bene丘t缶om it because血eir costs

are lower. Because it is valuable,血e transferable quota commmds a posidve prlCe.

Those who have quotas but also have high costs find血ey make more money selling

血e quotas血an usmg血em. Meanw珊e,血ose who have lower costs find血ey can

PurChase more quotas and sdll make money.

廿ansferable quotas also encourage technoIogical progress. Adopters of new

COSトreducing technoIogies can make more money on血eir existing quotas and

make it profitable to purchase new quotas fro皿o血ers who have not adopted血e

technoIogy Therefore’in marked contrast to血e earlier regulatory me血ods used

to raise costs, bo血the tax system and血e transferable quota system encourage血e

development of new technoIogies.

How about血e distribudon of the rent? In a quota system,血e distribution

Of血e rent depends crucially on how the quotas are initially allocated. There

are many possibilities with different outcomes. The角rst possibdity is for血e

govemment to auction off血ese quotas. With an auction, gOVemment WOuld

appropriate all血e rent and血e outcome would be very sim王lar to血e outcome of

血e tax system. If血e fishermen do not like血e tax system, they would not like the

auction system either,

In an altemadve approach, the govemment could give血e quotas to血e fish-

emen, for example, in propor丘on to血eir historical catch" The fishemen could

then trade among血emselves undl a market equilibrium is reached. AIl心e rent

would be retained by血e current generadon of fishemen. Fishemen who血ght

want to enter血e market would have to purchase血e quotas缶om e粗Stmg fisher-

men. Compet誼on among血e potendal purchasers would drive up血e price of血e

蒜霊詣quot_n。l it reflected血e market value o触ure rents’aPPrOPriatdy

Thus, this type of quota sys〔em a1lows the rent to remain wi血the fishemen’

but only the current generation of fishemen・ Future generations see little

difftrence between血is quota system and a tax system言n either case, they

have to pay to enter血e industry, Whether it is through the tax system or by

PurChasing the quotas・

In 1986, a limited ITQ system was established in New Zealand to protect

its deepwater trawl fishery (Newell et al., 2005)・ AIthough this was far from

being the only, Or eVen the earliest, aPPlication of ITQs (see Table 12.1), it is

the worldもlargest and provides an unusually rich opportunity to study how

this approach works in practice. Some 130 species are fished commercially in

e

7This occurs because the maximum bid any poten。al entrant would make lS the value to be derived

from ow血ng血at pemit. This value is equal to血e present value of future rents (血e difference between

Price and marginal cost for each u証offish sold). Comped占on will force血e purchaser to bid near血at

maximum value, lest he or she lose血e quota.
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Coun[rjes wit旧ndividua冊ansferabIe

Argentina

Aus塙評a

Canada

C剛e

Denma「k

巨stonla

Falklend islands

G「eeniand

Iceland

italY

Mo「occo

Mozambique

Namibia

The Nethe「lands

New Zealand

Po「tuga l

South Af「jca

United States

auota Systems

Number of Species Cove「ed

New Zealand.8 The Fisheries Amendment Act of 1986血at set up血e program

COVered 17 inshore species and 9 0ffehore species. By 2004, it had expanded to

C?Ver 70 species・ Newell et al. (2005) fchnd that血e export value ofthese spe-

CleS ranged from NZ $700/metric ton fdr jack mackerel to NZ $40,000/metric

ton for rock lobster.9

Because this program was newly developed, allocating血e quotas proved

relatively easy. The New Zealand Economic Exclusion Zone @EZ) was divided

geographically into quota-management regions. The t:Otal allowable catches
哩cs) fdr血e seven basic species were divided in亡O individual transferable quo-

tas by quota-management regions. By 2000タ2 75 quota markets were in existence.

8弛nstry of Fisheries , New Zcaland’WWrfesh.govt.nz.

語注謹露盤藍‡語学reports that血e average quota jncreased in value from

6

　

2

　

9

　

1

　

2

　

4

　

1

　

5

　

1

　

1

　

4

　

0

　

7

　

7

　

1

　

1

　

6

2

　

5

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

1

　

　

　

9



prO繍a皿

)anded亡o

hese spe-

)0/m e廿ic

§ proved

§ div王ded

Catches

ble qu○○

櫨Sten ce.

alue心血

Pu帥c Po‥cv fowa「d Fishe「ies

Quotas were initially allocated to eristing fims based on血eir average catch

OVer血e period from 1982 to 1984. The rights to harvest were denominated in

tems of a specific amount of丘sh, but were granted only for a lO-year Period. At

血e sa皿e time as血e deep-Sea fishery policy was being developed,血e inshore fish-

ery began to象山on hard times. ’恥o many partlCIPantS Were Chasing too few fish.

Some pardcularly desirable fish species were being seriously overfished. While
血e need to reduce血e amount of pressure being put on血e pop山ation was ra血er

Obvious,血e means to accomplish血at reducdon was not at all obvious. Al血ough

it was relatively easy to prevent new丘shemen缶om entering血e fisheries, it was

harder to figure out how to reduce血e pressure from血ose who had been fishing

in血e area for years or even decades. Because fishing is characterized by econo-

mies of scale’Simply reducing everyoneもcatch proportionately wouldn,t make

much sense. That would simply place higher costs on everyone and waste a great

deal of丘shing capacity as all boats sat around idle for a significant proportion of

time. A better solution would dearly be to have fewer boats harvesting血e stock.

That way each boat could be used doser to its full capacity wi血out depleting血e

POPula〔ion. Which丘shemen should be asked to give up血eir hve皿ood and leave

心e industry?

The economic-incentive approach addressed this problem by having the

govemment bny back catch quotas缶om血ose willing to sell血em. Initially,血is

WaS financed out of general revenues; Subsequently’it was financed by a fee on

catch quotas. Essentially, eaCh fisheman stated血e lowest price that he or she

would accept for leavmg the industry;血e regulators selected those who could

be induced to leave at the lowest prlCe, Paid the stipulated amount from血e fee

revenues, and retired their licenses to fish for血is species. It wasn’t long before a

su鮪cient number of licenses had been retired and血e populadon was protected.

Because血e program was voluntary’血ose who left血e industry did so only when

血ey fdt they had been adequately compensated. Meanwhile,血ose who paid血e

fee realized血at血is small investment would benefit them greatly in血e future

as血e populadon recovered. A di範cult and potentially dangerous pressure on a

valuable natural resource had been alleviated by the creadve use of an approach

血a〔 Changed血e economic incendves.
’foward血e end of 1987, however, a neW PrOblem emerged. The stock of

one species (orange roughy) tumed out to have been seriously overestimated by

biologists・ Since the total auocation of quotas was derived from血is estimate,血e

pracdcal implicadon was血at an unsustainably high level of quotas had been issued;

血e stock was in jeopardy. The New Zealand govemment began buying some

quotas back from fishemen, but this tumed out to be quite expensive wi血NZ$45

million spept on 1 5,000 tons of quotas from inshore丘sheries.

Faced wi心血e umcceptably large budget implicadons ofbuying back a sign王台cant

amount of quotas,血eぜOVemment uldmately shifted to a percentage-Share alloca-

don of quo亡as. Under址s system, instead of owning quotas de五ned in tems of a

specific quandty of丘sh, fishemen own percen〔age Shares ofa total aⅡowable catch.

The total a11owable catch is detemrined amually by血e govemment. In this way血e

govemment c狐amually adjust血e亡Otal allowable catch, based on血e latest stock

assessment esdmates, wi血out having to buy back (or sell) large amounts of quota.
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皿s approach affords greater protec。on to血e stock but increases血e financial risk

The quota markets in New Zea血d have been q血e ac。ve. By 2000, 140,000

leases and 23’000 sales of quo亡as had occurred・ Newel] et aI. (2005) find tha[

22 percent of quota owners pardeipated in a market transaction in血e first year of

血e progTam. By 2000, this number had risen to 70 perc完t.

Despite this ac。vfty’SOme implementation probIems have emerged. Fishing

effbut is frequently not very well targeted. Spec王es o血er血an血ose sought thown

as `trycatch’’) may well end up as part of血e catch` I弛ose species are also regulated

by quotas and che fishemen do not have su範cient ITQs to cover血e bycatch,

血ey are faced wi心血e possib坤of being fined when血ey land血e unauthorized

fish. Dumping血e bycatch overboard avoids血e fines, but since血e jettisoned fish

fiequendy do not survive,血is represents a double waste-mOt Only is the stock

reduced’but also血e harvested fish are wasted.

Managers have also had to deal wi血・・higb-gradiI喝・, which can occur when quotas

SPeCify血e catch i虹ems of weight of a certain species, but血e value of the catch is

a蹄cted grea。y by血e size of血e individual fish. Tb maxirnize血e value of血e quota,

丘shemen have an incen。ve to throw back the less valuable (typica叫y smalleD fish,

keeping only血e most valuable individuals. As wi血bycatch’When release mortaljty

is high, high-grading results in bo血smaller stocks and wasted harvests.

One poss王ble strategy is simply banI血g discarding, but due to血e difficulties of

monitoring and enforcement’血at is not as straightforvard a solu。on as i亡may seem.

REstoflirsson and Rickertsen (2009) exa血Ie whether a ban on discarding has been

eifective in血e Icelandic cod fishery They use a model of a fishery w血an町Q pro-

gram and apply it to血e Icelandic cod fichery They es血ate血at longline vessels would

discard up to 25 percent of血e catch ofsmafl cod and国het vessels up to 67 percent.

Their analysis found血at quota price did not seem to be an influencing facto担t血e

existence ofa system of quotas and血e size of血e hold in whieh血e har¥rested丘sh are

kept do matter. They suggest血at to get血e “most bang for血e哩" e血c誓nt

e紐rts should be directed a固1net vesse]s and on fisheries wi血sma皿old capacltleS.

Some fisheries managers have success剛y solved bo血problems by allowing

fishemen to cover temporary overages wi血allowances subsequen。y purchased or

leased from o血ers. As Iong as血e market value of血e “extra” fish exceeds血e cost

Ofleasing quotas,血e fishemen will have an incen。ve to land and market血e fish

and血e stock will not be placed in jeopardy

Wbrldwide, ITQs are currently used by 22 countries 〔o manage hundreds of

di臓rent species (Thle 12.1). The annual global catch taken under ITQs may

be as large as a quarter of血e globaI harvest @mason, 2012)・ The fact血at FTQ

SyStemS are SPreading to new fisheries so rapidly suggests血at血eir po亡ential is

being lnCreaSingly recognized・皿s expansion does not mean血e absence of any

COnCernS. In 1997,血e United States issued a moratoriun on血e implementation

Of new ITQ programs, Which expired in 2002. Issues about血e d町a。on of catch

Shares’Whether shareholders need to be active in血e fishery and the dis壷uutional

implicadons all remain contentious.

AIthough ITQ sys亡ems are far from perfect’frequen。y血ey offer血e oppor-

tunlty tO improve on traditional fisheries management (see Example 12.2).
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丁he Relative Effectiveness of市ansferable Quotas

and市aditional Size and E情ort

Atlantic Sea Sc訓op Fishe「y

Theo「y suggests thaてtransferable quotas w紺

COmeS m fishe「1eS than trad畦lOnal 「estrlCて了o鵬

mo「e cQSてこeffective Quト

m涌mum legal size and

maxlmum e苗ort con廿01s Is thlS theoretlCal expectation ccmpatlble w軸the ac[ual

expe「lenCe Ir=mPlemented sys‡emS?

ln a fasc!na軸g Study, eCOnOmISt Robert Repetto (2001 〉 examined軸S queStion

by compa冊g Canadian and AmerlCan aPP「OaChes to contro冊g the sea scallop

flShery off the Atlantic coast W刷e Canada adopted a transfe「ab十e quota system,

the Unlted States adopted a mfX Of s)Ze. e苗ort, and area co冊OIs The comparト

SQn ProVldes a ra「e oppo皿nity to expIoit a natu「al ex鵬rImenI SmCe SCa=ops are

not mIg「atO「y and the two count「王es use s'mlla「 f-S軸g technoIogleS. Hence, It IS

reasonable to presume砧at the d韓erences旧eXPerience are Ia「gelY due to the

d描ere∩ce in management app「oaches

What were the bjojoglCal consequences of these management st「ategleS for

the two flSherleS?

e 「rhe Canadlan flShe「γWaS nOt Oniy able to malntaln the stock at a highe口evel of

abundance but lt WaS also able to deter the harvest-ng、of undersほed scaIIops

Q ln the Un)ted States, StoCk abundance levels decllned and undersIZed sca出ops

Were ha「ve致ed at hlg手口eve[s

What were the econom「c consequences of these diffe「さnces?

e Beve…e Pe「 Sea-day lnC聡aSed slg而iCantly jn the CanadほれflSherγ, due

largely to the sevenfoid mcrease ln CatCh pe「 sea-day made posslble by the

la「ge「 stock abundance

e ln the U亜ed States, flShe「Y reVe冊e Pe「 Sea葛daY fe町due not o雨yto the fa"

in the catch pe「 day that resulted f「om the dec廟e in stock abundance, but

also to the harvestmg of undersIZed sca1漢ops

㊨　A喜though the number of Canadlan quOta hoiders was reduced f「om nlne tO

SeVen OVe「 a 14-yea丁PerlOd, 65 pe「Ce面Of the quota remalned I印ts Or[gma†

hands The evIdence suggests tha‡ smaifer playe「s we「e appare軸y not at a

COmPe輔Ve dlSadvantage

What were the eq亜y lmP=CatlOnS?

㊤　Both US and Canadlan fIShe「ies have trad砧Ona母ope融ed on the lay’’

SySt6恥WhうCh divldesr the 「evenue arnong c「ew. captain. and ovvner acco「d-

旧g tO P「eSet Pe「C6ntages. after subtract[ng Certaln OPe「atIng eXPenditu「es

ThlS meanS that a= partleS ∫emaln肌g ln the flShery afte廿eguねtton shared ln

the lnCreaS岨g 「entS

ln these flSherleS a口east言t seems that the expectatlOnS flow掴g f「om the

theo「Y We「e bo「ne out by the experIenCe
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In its 2012 anriual report, tO Congress’NOAA reported血at 32 stocks have been

rebu11t. Some 41 stocks (19 percent) are st班overfished, but血at is down from 45

JuSt a year earlier.

Coste11o, Gaines, and Lynham (2008) examined血e global e節ecdveness of血ese

polices in over l l’000 fisheries from 1950 to 2003. Fisheries wi血catch share rules’

including ITQs, eXPerienced much less frequent collapse than fisheries wi血out

血em. In fact,血ey found血at by 2003血e fraction of fi血eries w血ITQs血at had

collapsed was only half血at of non-ITQ丘sheries. They suggest血ainis might be

an underes占mate since many丘sheries with ITQs have not had血em for very long.

This large study suggests血at well-designed property rights regimes (catch shares

Or ITQs more speci丘cally) may help prevent fisheries coHapse狐d/or help stocks

of some specleS reCOVer. Chu (2009) examined 20 stocks after ITQ programs were

implemented and found血at 12 0f血ose had improvements in stock size. Eight’

however, COntinued to decline・ Apparen亡塙ITQs can somedmes help, but血ey are

no panacea. h血e next chapter we wi皿consider whe血er ITQs can help to conserve

di揮erent marine species such as whales.

Territorial Use Rights Fisheries (TURFs)・ An altemadve to ITQs is to allocate

rights to a specific area for a specific species or group of species, ra血er血an to

a pordon of血e total allowable catch. Such geographic-based rights systems are

ca11ed territorial use rights fisheries or TURFs. Like ITQs, TURFs typically grant

access rights, nOt OWnerShip rights’tO harvesters.

TURFs can allow access to a layer of血e water colum (s壷h as血e bottom of

血e ocean or血e surface, for example) in a specific zone. They could also a皿ow

access to a specific oyster bed or a raft for mollusks. They could be granted to

individuals, COmmu血des, COrPOradons, Or eVen tO nadons. An economic exdusion

zone @EZ) is a TURF granted to an individual nadon.
Early examples of operating TURFs can be found in Japan. These now

we11-eStabRshed TURFs auocate zones to Iocal丘sher orgamzatlOnS Called Fishery

Cooperadve Assocations (FCAs)・ Approximately l ,300 FCAs now operate in Japan

(Wilen et al., 2012). They can also be fo皿d in Chile. Wth its 3,000 nule shoreline,

C皿e has created management and exploitadon areas (MEAs) along its nearshore.

These TURFs help manage血e econoIrically important Chflean abalone and sea

urchin (Wilen et al, 2012).
TURFs can allow for more economica皿y e範cient use of che丘shery resource

by crea血g a fom of property right’albeit a different property right缶om血at

FOnVeyed by an ITQ. Despite血eir diiferences’bo血types of property rights create
mcentives to protect血e fu調re value of血e resource’Which in tum can incendvize

self-enforcement mechanisms. They also can improve血e welfare of small fishing

While TURFs do help reduce血e open-aCCeSS PrOblem,血e value of a TURF

is complicated by血e fact血at fish are mobile and血erefore do not stay m one

locadon. Since a TURF is site specific, its value is impacted by capture outside of

血e TURE Obviously, for stocks that do not mlgrate far,血e value of a TURF is

enhanced.
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Some researchers have suggested血at some combination of TURF and ITQ

POlicies may be most e紐cient・ Debate 12.1 considers址s quesdon.

iTQs andTURFs can mP「OVe eCOnOmic efficiency and heIp protect fisheries from

OVereXPIoitation. is one management method better tha= anOther? Can they be

usefuiiy combined?

Species-based lTQs have proven ve「y popula「 and they can言n theo「y, Create

e冊cient harveting a=d conservation incentives. Howeve「, ln PraCtice enforce-

ment can be challenging and they suffe「 from severai exte「naIities. Some of

the most prominent exte「na凪es′ incIuding gear impacts on ecosvstems. spatiaI

exte「naiities and c「oss-SPeCies interactions, might actuailv be increased by什Qs,

Let’s see how.

1ypica申y the totaI ailowabie catch (lAC) iS divided amongst seve「ai, Perhaps

nume「OuS, OWne「S. A冊ough thev do not compete o>e「 the size o白hei「 catch

(since that is fixed by their catch sha「e〉, they do stili compete over the tim-

ing of that catch. Timing mjght ma龍e「 a great deaI when the most productive

harvesting periOds (In termS Of reducing the private effort requi「ed per unit

CatCh〉 turn out to be p「ecisely the periods that impose the la「gest extemal costs

(say by inc「easing the iikelihood of bycatch or negativeiy impacting the

JuVe刷e stock主As such, theY help soIve one p「oblem (assu「ing a sustainable

totai catch〉, W軸fe c「eating anothe「 (encouraging a ha「vest timing that inc「eases

exte「nal costs上

The Coase theorem (Chapter 2) suggests that these ownership 「ights

Should, in principle, C「eate incentives to soive the remaining exte「nalities, aS

Wei上but旧PraCtice, the transactions costs of such negotiations a「e appa「ently

PrOhibitiveiY high.

What aboutTURFs?TURFs help soive the problem of managing ha「vests ove「

tlme and space and can heip p「otect sensitive a「eas given that an individuaI o「

g「OuP has sole 「一ghts to that a「ea. Local cooperatives have the advantage of being

able in p「inciple to manage inte「species interactions and habitat destruction′ but

in p「actice丁URFs tend to su苗e「 from con捕ct and coordination p「oblems, Another

COmmOn C「iticism ofTURFs is that the scaIe must match the 「ange of the species

and manYTURFs do not (Or CannOt) achieve this size.

Ratherthan framing the issue as whethe口TQs or丁URFs a「e the best choice.

It may be that each has its own nlChe. Certainly jn developing countries with

Weak institutlOnal st「uctures′ TURFs offe「 many advantages ove「 species-based

嵩晋喜黒請書蕊需品霊課業霊詩
One Size does not fit a旧o「 fisheries po=cy.
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Aquacu!ture

Having demonstrated血at ine綿cient manage皿ent of the fishery results from

treatmg lt aS an OPen-aCCeSS reSOurCe’One Obvious solution is to allow sorne fisheries

to be private工y held.皿s approach can work when血e fish are not very mobile,

when血ey can be confined by ar亜cial barriers’Or Whe虹hey mstinc。vely re調n to

血eir place of bi血to sparm.

The advantages ofsuch a move go weⅢ beyond血e abi項yγ亡O PreClude overfishing.

The owner is encouraged to invest in心e resource and undertake measures血at will

increase血e produc。vity fyield) of血e丘寸lery. Gor example, adding certaln nutri-

ents to血e water or controlling血e temperature can markedly increase血e yields

Of some species.) The controlled raising and harves血g of fish is called 4quCn庇海で.

Probably血e highest yields ever attained血ough aquaculture resulted丘om usmg

rafts to raise mussels. Some 300,000 kilograms per hec亡are of musse]s, fdr examp]e,

have been raised in址s mamer in血e Galician bays of Spain.皿s productiv-

ity level approximates血ose achieved in poultry faming亘dely regarded as one

Of血e most success餌attempts to increase the productivity of farm-PrOduced

animal protein.

Japan became an earIy leader in aquacuIture’underta長ing some of the most

advanced aquaculture ventures in血e world. The governmen亡has been supportive

Of these efforts, mainly by crea血g private property rights for町ters fomerly held

in comon. The govemments of血e prefed血es旬hich are comparable to states in

血e United States) in誼ate血e process by designadng血e areas to be used for aqua-

Cul調e. The local丘shemenstooperative associations then par血on血ese areas

and allocate血e subareas to individual fishemen for exdusive use. This exdusive

COntrOI allows血e individual owner to invest in血e resource and to manage i〔 effec-

dvely and e飴ciently.

Ano血er market approach to aquaoulture involves r却昭崩壊ra血er血an舟b

JZming・ Whereas fish fining invoIves cul。va血g fish over血eir lifedm。 in a 。。n_

tro皿ed environmen串sh ranching involves holding血em in cap。vity only for血e

first f訪years of血eir lives.

Fish ranching relies on血e strong homing instincts in certain fish, SuCh as

Pacific salmon or ocean trout’Whieh pemits血eir ul古mate retum and capture. The

yo皿g Sa血on or ocean trout are hatched and confined in a convenient catch area

for approximately 2 years・ when reIeased,血ey血grate to血e ocean.叫on reach-

mg maturi坊血ey instinctually retum to血e place of血eir bi血s’where血ey are

harvested.

Fish faming has certainly affected亡he total supply of harvested fish.

Aquaculture is c皿ently血e fastesトgrowmg animal food production sector. In

1970, it was estimated that 3・9 percent of fish consumed gIobally were raised

On firms. By 2008’this proportion had risen to 46 percent. (Between 1970 and

2008’global per capita supply offam-raised fish increased from l.5 pounds to

17.2 pounds.)

In China, grOW血rates in aquaculture have been even higher and aquaculture

represents more血an two一心irds of fisheries production. China has become the
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largest producer (and exporter) of seafood in the world (see Figure 12.7), nOW

PrOducing 62 percent of the global supply of fimed fish. Shrimp’eel, tilapia,

Sea bass’and carp are all intensively firmed. While血e top five producers (in

VOlune) of fish缶om aquacul請e in 2006 were Chi血a, India, VIetnam, Thailand,

霊豊諾葦議宝器詩語uetion were highest in Uganda’
Aquacul餌e is certainly not the answer for al] fish. Tbday, it works well for

Certain species, but o血er species will probably never be harvested domestically.

Fur血ermore華h firming can create environmental problems (see Debate 1 2.2).

Nonetheless, it is comforting to know that aquaculture can provide a safety

Valve in some regrons and fdr some fish and in血e process take some of血e

PreSSure Off the overstressed natural fisheries. The challenge will be亡O keep

aquaculture sustainable.

China’s Rising Sha「e of Global Aquac亜ure
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Chapte=2　Common-Poo腫esou「ces: Comme「cia"y Valuable Fishe「ies

PrivatlZation of comme「cIa川sh釧eS, nameiY th「ough fish farming, h∂S been

touted as a soiution to the overfishing probiem. Fo「 certai巾species言t has been a

great success. Some types of shellfish, fo「 example, a「e eaSily managed and

fa「med through commerc胤aquacuItu「e. Fo「 other species, howeve†′ the iike臣

hood of success is not so cleaF.Cut.

Atiantic sa血on is a st「ugg冊g species in the northeastem U而ed States and

fo「 seve「a両ve「s言S listed as ’’endange「ed:’Salmon fa「ming takes the p「essure off

of the w冊stocks. Atfantic saimon a「e intensively farmed off the coast of Maine,

in northeaste「n Canada言n NorwaY, and in Ch=e. Fa「med AtIantic saImon make up

almost all ofthe farmed saImon ma「ketand mo「e than haIf ofthe total global salmon

ma「ket. While fa「med salmon offe「 a good alte「native to wild salmon and aquaculture

has heIped meet the demand for salmon from consume「s′旧s not p「obIemi「ee.

Famed fish escapees f「om the pens th「eaten native species′ PO岨tion that leaks

f「om the pens creates a la「ge externa冊Y, and pens that a「e visible f「om the coast-

凪e degrade the view of coastal 「esidents. The crowded pens aiso fac冊ate the

p「evalence and diffusion of seve「al diseases and冊esses′ SuCh as sea lice and

sainlOn anemia. Antibiotics used to keep the fish healthy a「e considered dange手

ous for humans- Diseases in the pens can also be t「ansfe「「ed to w=d stocks. In

2007 the Atlantic Sa血on Federatjon and 33 othe「 COnSe「Vation g「oups ca=ed on

sa血on fa「ms to move their pens farther away from sensitlVe Wiid stocks・

And the conce「ns do not end there. Currently, manY Sma= species of fish,

iike anchovies o「 he「ring, are being ha「vested to feed ca「nivorous farmed fish.

Scientists argue that this is not an e冊cient way to produce protein′ Since it takes

3-5 pounds of sm訓er fish to p「Oduce l pound of farmed salmon.

Poilution exte「n∂蘭es associated wjth the increased production include con-

taminated wate「 supp"es fo「 the fish ponds and heav時PO=uted wastewate「.

Some farme「s raising thei「 fiSh in co=taminated wate「 have managed by addlng

紺egaivete「ina「y drugs and pestjcides to the fish feed′ Creating food safety con-

ce「ns. some tested fish fIesh has been found to contain heavv metais, me「Cury,

and ffame reta「dan[s. ln 2007 the United States refused 31O impo巾Shipments

of seafood; 210 of those we「e drug-ChemicaI 「efusals,

W帥e solving some p「oblems,而ensive aquaculture has created othe「s"

PotentiaI solutions incIude open-OCean aquaCu血「e (moving pens out to sea〉,

c-osing pe=S, mOnitoring water qua”tv′ and imp「oving enforcement・ Clea「lY′ SOie-

ownership to the fishe「γ isn′t a siive「 bu帖et when extemalities are prevalent.

S競bsid冶s a門d惨uyba巌s

Excess fleet capacity or overcapitalization is prevalent in many commercial

fisheries. Overcapacity encourages overfishing. Many subsidies exacerbate this

e任ect by encouragmg OVerCaPaCity and overcapitalization. Fuel subsidjes, taX

exemption§’fish price supports’and grants for new vessels are common forms



lmerCial

bate this

dies,亡aX

)nもでms

Pu帥c Po=cy Toward Fishe「ies

Of subsidies in角sheries・ By enhancing profits, these subsides create perverse

incendves to continue丘shing even while stocks are declining・ Over $10 billion

in subsidies were provided in 2000, 80 I)erCent Of which came from developing

countries (World Bank, 2009).
A ra血er different type of subsidy is intended to discourage overfishing. If ves-

Sel owners do not have altemative uses for血eir vessels, they may resist catch

restrictions or o血er measures meant to help depleted stocks. Management

OPtions have included buyback or, equivalently, decommlSSlOnmg Subsidies

to reduce fishing capacity. In 2004, the US government spent $100 million t:O

buy out 28 of血e 260 AIaskan snow crab丘shery vessels. The EU has also pro-

POSed spending an additioml e272 m皿on on decommissioning (Clark et al.,

2005). Pa)mentS uSed to buy out excess宜shing capacity are useful subsidies

in血at they reduce overcapacity, but if additional capacfty seeps in over time,

血ey are not as e鮒ective as o血er management measures. Clark et aL (2005)

also note血at if丘shemen come to andcipate a buyback,血ey may acquire more

vessels血m血ey o血erwise would have, Which would lead to even greater levels of

OVerCaP aClty.

Ma「ine P「otected Areas and Marine Reserves

Reguladng only血e amount of catch leaves心e押e of gear血at is used and loca-

tions where血e harvests take place uncontrolled. Failure to control血ose elements

can lead to environmental degradation of血e habitat on which血e fishery depends

even if catch is success珊1y regulated. Some gear may be particulady damaging,

not only to血e targeted species (e.g., by capturing juveniles血at camot be sold,

but血at don’t suivive capture), but also to nontargeted species (bycatch)・ Similarly,

harvesting in some geogTaPhic areas (such as血ose used for spawning)血ght have a

dispropo正onately large detrimental effect on血e sustainabilfty of血e丘shery

Conservadon bioIogists have suggested co皿Plementing current policies wi心

血e establishment of a system of marine protected areas quRA). The US federal

govemment de丘nes MPAs as αany area of血e marine envirorment血at has been

叢霊豊言霊謹告諾霊霊豊霊宝碧慧器露
Restric古ons range fro皿minimal to full protecdon" A marine reserve, a marine pro-

tected area w血fu11 protection, is an area血at prohibits harvesdng and enjoys a

very high level of protection from o血er血reats, SuCh as pouution.

BioIo豆StS believe血at marine protected areas can perfom several maintenance

and restorative func也ons. First,血ey protect h肱,宛履a毎eあby preventing harvest

wi血in血e reserve bo皿daries. Second,血ey reduce 4abi物i `あm優e CauSed by五sh-

mg gear Or PraCtices血at alter biological stmctures・ Third, in contrast to quotas

on single Species, reServeS Can PrOmOte CCO少iem bakm by protec血g against血e

removal of ecoIo痩cally pivotal species (whe血er targeted species or bycatch)血at

could血row an ecosystem ou亡Of balance by altering its diversity and producdvity

(Palunbi, 2002).

l lFor infomadon and maps ofmarine protected areas of血e United States, See W-mPa.gov.
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Reducing harves血g in血ese areas protects血e stock,血e habita〔, and血e eco-

SyStem On Which it depends. This protec色on results in a larger population狐d,

uldmatel殖血e species swim beyond血e boundaries of血e reserve, 1arger catches

in血e remaining harvest areas.

Simply put, reSerVeS PrO皿Ote SuStainability by a皿owi呼血e popul社on to recover.

Their rela。onship to血e welfire of current users’howeve扉s less 。ear. Proponents

OfMPAs suggest血at血ey can pro皿ote sustainab坤y in? win→血fashion (mean-

ing current users bene丘t as well)・ This is an i皿porta平POlnt because users who did

no亡benefit might mount poli丘cal opposi。on to mame reServe ProPOSals’血ereby

making血eir establishment very di飴cult.

Would the estabhshment of a marine protected area max血ze the present

Value ofnet benefits for fishemen? IfMPAs work as plamed,血ey reduce harvest

in血e shor亡run (by declaring areas previously available for harvest o糾i血ts),

but血ey increase it in the long run (as血e population recovers). However,血e

delay would血pose costs. (Remember how discoun。ng affects present valueり

Tb take one concrete example of the costs of delay, harvesters may have to pay

Off a mortgage on血eir boat. Even if the bank grants them a delay m making

PaymentS, tOtal payments will rise. So, by itself, a fu請e rise in harvests does not

guarantee that establishing血e reserve maximizes present value皿Iess血e rise

請書葦e enough and soon enough to compensat専心e costs lmPOSed
Since血e present value of this policy depends on血e specifics of血e individual

CaSeS’a CaSe Study can be revea血g. In an interes血g case study of血e Carふmia sea

urchin indust叩Sm地and muen (2003) state血e following:

0αr Oひen夢〃郷膨e妨げr舵卿釘のa舟b訪印0勾′加楊脇Ore ambiひak初め彫

劾e柁Ceiひed?強め彬ああe bio履巌I巌er翻初狩….鵜〆形d …寂t r餓卿錆的n

p7’04Zue 4ar砺t g敬郷わ。n nge-押切鋤7?d m0de星ut ody c庇短be biom鮒あ

ごeひereケoue腸やんi融椛aん南扇・ ‥脇離郷りbe私財e勿′脇カbarひ触are
l卿m∫ed α,itb a勤めl必殺移,紡巌朋u嬢d reium∫ m雌em喝めれe, r堆め徳

訪秒b毒婦巌l卿OUeり′巌tiひe to tbe威脚u%t肋e.魚2くり

This certainly does not mean血at MPAs or marine reserves are a bad idea! In

SOme areaS・血ey may be a necessary step fdr achieving sustainabifty m o血ers,血ey

may represent血e most e綿cient means of achieving sustainability. It does mean,

however,血at we should be wary of血e notion血at血ey always create win-win

Situations; SaCrifices by local harvesters正ght be required. MRA poheies must rec-

OgnlZe血e possibility of亜s burden and deal with it directly, nOt just assume it

doesn,t exist.

Some intemadonal acdon on marine reserves is taking place as well. The 1992

intema占onal treaty, Called血e Convendon on BioIogical Diversit)串s亡s as one of

its goals血e conservation of at least lO percent of血e world[ ecoIo如al regions,

12The distribudon of benefrcs and costs among current fishemen also matters. Using a case sndy on

血e No血east Adandc Cod fishery, Sumaila and Amstrong (2 006) frod血a油e dis血budonal e銃cts of

MPAs depend sig正ficantly on血e management regime血at was in place at血e 。me of血e develop皿ent

Of血e MPA and血e level ofcooperadon in血e fishery
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including’but not li血ted to, marine ecoregions. Progress has been sign脆cant for

terrestrial ecoregions’but less so for coastal and marine ecoregions・ In 201 0, how-

ever, in one noteworthy event’the United Kingdom created血e largest marine

reserve in the world by setting aside心e Chagos Archipelago, Which stretches

544’000 square kilometers in血e Indian Ocean, aS a PrOteCted area.

The 200-Mile Limit

The final policy dimension concems the intemational aspects of血e fishery prob-

lem. Obviously,血e various pohcy approaches to effec丘ve management of fisher-

ies requlre SOme gOVeming body to have jurisdicdon over a fishery so血at it can

enforce its regula丘ons.

Currently,血is is not the case for many of血e ocean fisheries. Much of the

OPen Water Of血e oceans is a conmon-POOl resource to goverrments as well as to

individual fishemen. No single body can exercise controI over it. As Iong as血at

COntinues to be血e case,血e corrective action w皿be di範cult to implement. In

recognidon of血js fact, there is now an evoIving law ofthe sea de血ed by intema-

donal treades. One of血e concrete results of this law’for example, has been some

limited restricdons on whaling. Whe血er亜s process uldmately yields a consistent

and comprehensive system ofmanagement remains to be seen’but it is certainly an

uphill batde.

Countries bordering血e sea have taken one step by declaring血at血eir own-

ership rights extend some 200 miles out to sea. W弛in血ese areas,血e countries

have exclusive jurisdicdon and can implement effective management policies.

These zones arF eSSentially very large TURFs. These “exclusive zone,, declara-

tions have been’upheld and are now firmly entrenched in intemationa=aw. Thus,

Very rich fisheries in coastal waters can be protected, While血ose in血e open

WaterS aWait血e outcome of an intemational negotia丘ons process.

Preventing Poaching

Poaching (illegal harvesdng) can introduce血e possib混ty of unsustajnabifty even

When a legal strucmre to protect血e population has been enacted・ For exa皿Ple,

in 1986血e htema丘onal Whaling Commission set a ban on commercial wha血g,

but under a loophole in血is law, Japan had continued to kill hundreds of whales

each year. In November 2007, a fleet embarked on a 5-mOn血hunt in血e Antarcdc

despite numerous intemational protests. W恥le originally intending to target

hu皿Pback whales, in response to血e protests, Japan eve皿tually stopped harvesdng

血at species. Since hunpback whales are considered偉vulnerable,,, commercial hunts

have been・bamed since 1 966, butJapan had claimed血at harvests for research were

not covered by血is bm.

Bluefin tlJLna is ano血er very valuable commerical species血at is threatened and

has been brought皿der in亡emational control. The populadon of bluefin t皿a has

Plummeted 85 percent since 1970, With 60 percent of血at loss occurring in血e

last decade. Japan is血e largest consu皿er Of bluefin tuna, Which is prized for sushi.

Fleets from Spain, Italy and France are血e primary suppliers.
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In the United States’the National Marine Fisheries Service bas proposed

a catch-Share program for血e US por。on of血e Intemational Commission for

血e Conservadon ofAdantic Hnas qCCAD quota of endangered bluefin tuna. If

implemented, it remains to be seen whe血er this type ofprogram can work well for

SuCh a highly migratory species.

A ra血er d班erent approach to protect the species was also tried in the

intemational forum. In 2009’a Pe亡ition to ban trade in the Atlantic bluefro

tuna went before血e U.N. Conven〔ion on Intemational rIiade in Endangered

Species (CITES)・ This was血e first time血at a major commercial fishery has

been addressed by CITES. VI側e conservationists and bioIogists supported血e

CITES listing, many industry groups were opposed. The National Fisheries

Institute president’John Connelly’WrOte in opposition’“Commercia11y-

expIoited aquatic species are fundamentally different from血e other species

that CITES regulates … Unlike血ese other species, fish and seafood stocks

are not generally threatened with bioIogical extinction. While they can and
do become overfished, the resulting loss of return on investment fbr fisher-

men prevents the皿from driving commercial fish stocks toward biological

extinction’’(Gronewold, 2009). In early 2010, CITES voted against the ban. In

January 201 l・ a reCOrd price was set for a northern bluefin. A giant 754-P9und

bluefin brought 32.5 nu皿on yen, Or nearly $400’000. Do you心in虹his prlCe is

a su綿cient incentive to protect che bluefin tuna from ex申vction? Why or why

not? See Debate 12.3.

The lnternationaI Commission fo「 the Conservation of At-antic巾naS (ICCAT) is

responsible fo「 the conservation of highly mig「ato「y species言ncluding seve「al

SPeCIeS Of tu=a. 1CCAT repo「ts fish biomass as weii as catch statistics and is

「esponsible for setting total allowable catch by species each yea「.

Sjnce ICCAV has neve「 successfuliy enfo「ced thei「 quotas言t is not clear that

they have a c「edibIe enforcement capab冊y. Monito「ing statist-CS COnSistently

Show catch we= above theTACi

Additiona町nte「national p「essure from the fishing indust「v frequentiy 「esults

in a‾rAC highe「 than sc-ent-StS 「eCOmmend. ln 2OO9′ for example, havi=g reVjewed

the current biomass statistics′ Which showed the cu「rent stock to be at less than

15 pe「cent of its o「iginal stock・ lCCAT scientists 「ecommended a tota~ suspen-

Sion of fishing. 1gno「ing thei「 scientists′ 「ecommendation,一CCAT p「oceeded to

Set a quOta Of 13′500 tons. They did′ howeve「, a-so agree to establish new man-

agement measures for futu「e yea「s that w用a=ow the stock to rebu囲with an

estimated 60 pe「cent deg「ee of confide=Ce・ Whiie that sounds good言t turns out

that if enforcement is less than perfect′ and the 「esulting catch is above 13,500′

the p「obab冊y that the stock w旧ecove「 cannot reach the 60 percent leve- bY

2022 (鴫ble 12.2).



Probab潤es ofStock Rebu胴ng atSSBFO.1 byYea「s and

TAC Levels

Perce nt

Summ叩

恥C　　　　　　2010　　　　201 3　　　　201 6　　　　2019　　　　2022

0　　　　　　　　0　　　　　　2　　　　　　25　　　　　69

2.000　　　　　　0　　　　　1　　　　　21　　　　　62

4,000　　　　　　0　　　　　1　　　　　18　　　　　55

6.000　　　　　　0　　　　　1　　　　14　　　　　47

8,000　　　　　　0　　　　　　0　　　　　11　　　　　40

10,000　　　　　0　　　　　　0　　　　　　9　　　　　33

12′000　　　　　　0　　　　　　0　　　　　　6　　　　　26

13,500　　　　　　0　　　　　　0　　　　　　5　　　　　21

S岨皿皿a野

Uurestricted access to comnercially valuable species wi皿generally result in over-

exploitation. This overexploitation, in tum, reSults in overcapitalizadon, depressed

incomes for harvesteIt;’and depleted stocks. Even exdncdon of血e specleS IS POS-

Sible’Partic山arly for populadons characterized by easy, 1ow-COSt extraCdon. Where

extracdon costs are higher, eXtincdon is un皿ely, eVen Wi血uurestricted access.

Bo心血e private and public sectors have moved to ameliorate血e problems

associated with past mismanagement of commercial fisheries. By reassert-

1ng PrlⅤate PrOPerty rights, many COuntries have stimulated the development

Of aquacu血re. Govemments in Canada and血e United States have moved to

limit overexploitation of血e Pacifro salmon. Intemational agreements have been
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instituted to place limits on whaling. It is doub血I that血ese programs珊1y

Satis卑γ血e e範ciency c'riterion, al血ough it does seem clear血at more sustainable

catches wil] result.

Creative strategies for sharing血e gains from movmg tO an e範cient level of

harvest could prove to be a significant weapon in血e arsenal oftechniques designed

to protect a broad class ofbioIogical resources from overckpIoitadon・ An increasing

reliance on individual transferable quotas GTQs) and TURFs offers血e possibility

Of preservmg StOCks wi血out JeOPardizing血e incomes of血ose m6n and women

Cu∬ently harvesdng血ose stocks. Streng血ening property rights is a key compo-

nent in generating bo血e飴cient and sustaimble harvests.

It wo山d be folly to ignore barriers to fur血er ac古on, SuCh as the reluctance of

individual harvesters to subm王t to many foms ofreguladon,血e lack ofa丘m pohey

govemmg open-OCean WaterS, and血e di範culdes of enforcing various approaches.

WIle血er血ese barriers will fal] before the pressmg need for effec丘ve management

remains to be seen.

h血is chapter we have focused on缶sheries as an example of a renewable

bioIogical resource, but血e models and血e insights chat flow from them can be

used to think about managing o血er wildlife populations as well. This topic will

be taken up in血e next chapter・

恥i雪珊SSi㊤皿の硯eS宜⑱mS

l.工s血e establishment of血e 200-mile limit a su錦cient fom of govemment

intervendon to ensure血at血e tragedy of心e commons does not occur for

fisheries wi血in血e 200-mile limit? Why or why not?

2. W血discountmg lt lS POSSible for血e e錦cient丘sh populadon to fall below

血e level required to produce血e maximum sustained yield. Does血is violate

血e sustainability criterion? Why or why not?

Se丑年丁もs亀田x鋭。Cises

l. Assume血at血e reladonship between血e grow血ofa fish population and血e

popula。on size can be expressed asg = 4P - 0.1P2, Wheregis血e grow血in

tons and Pis血e size of血e population (in血ousands oftons)・ Given a price of

$100 a ton,血e marginal benefit ofsmaller popula占on sizes (and hence larger

fatChes) can be computed as 20P ‾ 400. (a) Compute血e populadon size心at
lS COmPadble wi心血e maximum sustainable yield. What would be血e size of

血e amual catch if血e popula古on were to be sustained at血is level? @) Ifthe

marginal cost of addidonal catches (expressed in tems of血e population size)

is MC = 2(160 - Z), What is血e population siz‘e血at is compadble wi心血e

e飴cient sustalnable yield?
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2. Assume血at a local fisheries cQunCil imposes an enforceable quota of

lOO tons offish on a particular fishing ground fbr one year. Assume fur血er

that lOO tons per year is血e e範cient sustained yield. When lOO tons have

been caught・ the丘shery would be cIosed for the remainder of血e year.

(a) Is this an e鮪cient solution to血e common property problem? Why or

Why not? (b) Would your answer be different if the lOO-tOn quOta Were
divided into lOO transferable quotas’eaCh entitling the holder to catch

l ton of五sh, and distributed among the丘shemen in proportion to血eir

historical catch? Wmy or why not?

3. In血e econom王c model of血e fishery developed in血is chapter, COmPare

血e e節ect on fishing effor〔 of an increase in cost of a fishing license wi血an

increase in a per-unit tax on五shing e範加血at raises血e same amount of rev-

eme. Assume血e丘shery is private property Repeat血e analysis assuming血at

血e fishery is a free-aCCeSS COmmOn PrOPerty reSOurCe・

4. When中ying to reduce血e degree of ine鯖ciency丘o皿an open-aCCeSS fish-

ery, WOuld a reguladon血at increases血e mar虫ml cost of fishing e縦庇by

ban血lg Certain types of gear or a tax on effort be equally e飴cient? Wly or

Whynot?

5" a. In血e typical economic model ofan e錦cient fishery, WOuld a fa虹n血e

Price of fish generally result in a larger or a smaller sustainable harvest?

Why?

b. Suppose血e丘shery allowed free access. Wchld a fa11 in血e price of fish

generalかesult in a larger or a smaller harvest? Wky?

6. Suppose血at a particular fishery experiences a technoIogical change such血at

血e fixed cost of丘shing increases, but血e margival cost of fishing decreases.

The change is such血at血e before and after total cost curves cross at an effort

level higher血an血at associated wi心血e before e綿cient sustained車eld, but

lower血an血e free-aCCeSS level of e紐)rt.

a. What would血e e節ect of this technological change be on the stadc e描-

Cient level of effort and血e size of心e static e範cient level of harvest?

Ⅵねuld血ey increase or decrease or are血e effects ambiguous?

b. What would血e effect ofthis technok桓cal change be on血e level ofeffbrt

and血e size of血e harvest in a free-aCCeSS fishery? Wbuld血ey increase or

decrease or are血e eifects ambiguous?

軒肌的粗e賞Re弱過i皿g

Acheson, J. M. (2003)・ C吻iZ伊加g肋掴mmo肌De擁脅加五u加郷” m4型㌢ d画4あze /0加er

i脇鋤J,. Hanover, N旺University Press of New England・ An impressive syn血esis of

theory and empirical work, COmbined wi血an insiderもknowledge of the insdmtions and

血e people who run血em’makes this a compe皿ng examjnation ofthe history of one of

America§ most important fisheries.
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Adler, J. H., & Stewart, N. (2013). Leaming how to fish: Catch shares and血e future of

fisheries conservation. UC工A弟umal 4“劫z,i7-o7Z彬e7ZZ#l L伽, b B脇り′, 3I(l). A useful

Summary of the history, 1aw, and economics of catch shares.

Clark, C. W (1990). M4tb脇iiczl bioeco7ZO脇ic* 7協apt誘拐m花館m72タg戸切のa妨7鋤縦縞,

2nd ed. New lbrk: Wiley輸Interscience. Careful development of血e ma血emadcal models

血at underlie current understanding of血e exploitation of re時wable resources under a

Variety of property rights re豆mes・

NOAA Catch Share Policy: Execudve Summary 201 3. Retrieved from http://ww.rm鳥.

noaa・gOV/sfa/domes」ish/catchshare/docs/noaa_CS_POlicy.pdf. A useful review of US

Fisheries Policy. Review of Environmental Economics and Poliey Vblume 6 Issue 2 Sun

2012. Contains several summary ardcles from血e Symposium: Right§-Based Fisheries

M狐agcm ent・

Schlager, E., & Ostrom, E. (1992). Property right regimes and natural resources: A con-

CePtual analysis. La融Em脇諒, 68, 249-262. A conceptual framework for analyzing a

number of property rights reglmeS;血e au血ors use血is framework to interpret findings

from a number of empirical s調dies.
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The斑arves触g Decision: F主she茸ies

De丘ning血e e鯖cient sustainable yield for a fishery begins wi血a characterizadon

Of血e biological reladonship between血e grow血for血e bio皿aSS and血e size of血e

biomass. The standard representa丘on of this reladonship is

g=亙一言), 隅

where

g二心e grow血rate of血e biomass,

r二心e intrinsic grow血rate for血is species,

Sこ血e size of血e biomass, and

k二心e carrymg capacity of血e habitat.

Since we want to choose血e most efficient ∫u職aわed yield, We muSt limit血e

POSSible outcomes we shall consider to血ose血at are sustainable. Here we de丘ne a

SuStainable harvest level, bs, aS One血at equals血e grow血of血e populadon. Hence:

車中-‡)・　　　(2)

The next stepjs to de丘ne血e size of血e harvest as a funcdon of血e amo皿t Of

ef:fort expended. This is tradidona皿y modeled as

b=q燐, 隠

where

q = a COnStant (known as血e “catchability coe組cient”) and

E = the level ofeffort.

The next step IS tO SOIve for sustained yields as a fLmCdon ofe鉦)rt. This can be

derived using a two-SteP PrOCedure. FirsちWe exPreSS S in tems of且Then we use

血is newly derived expression for S along wi心血e reladonship in Equa丘on (3) to

derive血e sustained yield expressed in tems of e節ort.

Tb define S in tems ofE, We Can Subsrfute Equadon (3) into Equadon (2):

qES=亙一言)・ (4)
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Rearranging tems yields

S=中一等)・　　　(5)

Using S = b/q彊om Equadon (3) and rearran如g tems to so轟ft両yields

隼雄一撃　　　　(6,

It is now possible to frod心e maximun sustainable effort level by taking血e

derivative of血e righthand side of Equation (6) w地respect 〔O effort (砂and

Setting血e result equal to zero.

The maxinum condidon js

qk-2壁二0.
ゲ.

四国園

So

Fay =血e level of effort血at is consistent w吐血e maximm sustainedすvld.

R。誌‡露語霊宝霊宝葦蒜蒜諾l露盤藍筈
Equa亀on (6)り

Tb conduct血e economic analysis, We need to convert this biological infor-

matron to a net benefits fomulation. The benefit fmc。on can be defued by

multiplying Equa。on (6) by P血e price received for a unit of harvest. Assuning

a constant皿arginal cost of effbrt, 4, allows us to define total cost as equal to #E.

Subtracting血e total cost of effort缶om血e revenue func。on produces the net

benefi亡s function:

Ne亡固匡曙一撃- 。E.　(,)

Since血e e範cient sustained effbrt level is血e level血at maximiz,eS Equadon (9),

We Can derive it by taking血e deriva。ve ofEqua。on (9) wi血respect to e紐rt ⑦

and setdng血e derivative equal to zero:

雅一埜-。=0.
r
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Rearrangmg terms yields

E二許一計　　　(11)

Note血at血is e餓)rt level is s皿aller than血at needed to produce血e maximum

sustainable yield. Can you see how to丘nd血e e範cient sustainable harvest level亨

Finally, We Can derive血e free-aCCeSS equilibrium by set血g血e net bene缶ts func-

don in Equadon (9) equal to zero and soIving for血e e節ort level・

Rearranging t:ermS車elds

E二許一毒)　　(12)

Note血at血is is larger血an血e e錦cient sustained level of e徹)rt. It may or may

not be larger血an血e level of e紐brt needed to produce血e maximum sustained

yield・ That comparison depends on血e specific values of心e parameters.

(8)

車eld.

? (Hわt:

:ffort in

l infbr_

ined by

iSu皿lng

」 to aE.

the net
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